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INTRODUCTION
Inguinal hernia is one of the most common diseases 
worldwide. More than 20 million people undergo hernia repair 
surgery annually [1]. The incidence of inguinal hernia has a 
bimodal distribution with peaks in early childhood and old 
age [2]. The reason for the bimodal distribution is the different 
etiologies of inguinal hernia across the lifespan. Most of the 
pediatric inguinal hernias are congenital and indirect as they 
result from a patent processus vaginalis [3]. However, the 
frequency of inguinal hernia increases with aging, and most of 
them are acquired [4].
There are various methods for the surgical repair of inguinal 
hernias that differ in the operative tools, usage of mesh, 
surgical approach, and further aspects. Therefore, surgeons 
choose the optimal surgical technique after assessing the 
individual characteristics of a patient [5]. Among patient factors, 
age is a major aspect when deciding on the best method. Several 
guidelines recommend considering the use of a mesh for 
inguinal hernia repair according to the age of the patient [5-8]. 
While surgeons commonly use mesh in adults, they rarely use 
it in pediatric patients out of concern about the potential long-
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Purpose: Inguinal hernia repair is one of the most common treatments worldwide, but there are few studies about the use 
of mesh in late adolescent patients because hernias are rare in this group. This study aimed to evaluate the postoperative 
outcomes of hernia repair with and without mesh in late adolescent patients. 
Methods: We retrospectively reviewed the data of 243 male patients aged between 18 and 21 years who underwent inguinal 
hernia repair at a single institution from January 2013 to December 2017. We distinguished 2 groups depending on the 
repair method; mesh (n = 121) and no-mesh (n = 122) groups. We compared the baseline characteristics, immediate 
postoperative outcomes, and recurrence and chronic pain rates between the 2 groups. 
Results: There were no significant differences between the mesh and no-mesh groups on immediate postoperative 
outcomes (length of stay: 18.5 ± 8.9 days vs. 17.0 ± 6.0 days, P = 0.139; postoperative complications: 8.2% vs. 6.6%, P = 0.821) 
and 2-year recurrence rate (0.8% vs. 2.6%, P = 0.194). There was a significant difference in the chronic pain rate (9.0% vs. 
1.7%, P = 0.023). 
Conclusion: Using mesh for inguinal hernia repair in late adolescent male patients increases chronic postoperative 
inguinal pain.
[Ann Surg Treat Res 2021;100(4):246-251]
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term sequelae resulting from the body’s inflammatory response 
to the mesh material [9].
However, there is currently no consensus about the usage 
of mesh in late adolescence who are “between” pediatric and 
adult patients. One reason for this is the low prevalence of 
inguinal hernia repair in adolescents [2]. Although there were a 
few studies that included young patients, they either enrolled 
patients whose age was up to 30 years or showed an imbalance 
in the age distribution [10,11]. Thus far, there is no evidence 
on the impact of mesh on inguinal hernia repair outcomes in 
adolescent patients. Therefore, the preferred surgical method for 
adolescent inguinal hernia repair differs considerably between 
pediatric and general surgeons [12].
Therefore, there is a need to determine the optimal treatment 
method for inguinal hernias in the adolescent population. This 
study aimed to compare the postoperative outcomes of inguinal 
hernia repair using mesh with other established methods that 
do not use mesh in late adolescent patients.
METHODS
Patients’ characteristics
This study was a retrospective file review of patients who 
underwent inguinal hernia repair at a single institution 
(Armed Forces Capital Hospital, Seongnam, Korea) from 
January 2013 to December 2017 during their military service. 
Patients aged between 18 and 21 years old were included in 
the study. Patients who underwent emergency operation were 
excluded. Finally, 243 patients were enrolled the study. Patients 
were divided into 2 groups depending on whether or not the 
operation method involved mesh implantation; mesh and no-
mesh group. 
This study was approved by Institutional Review Board (IRB) 
of Armed Forces Capital Hospital (No. AFCH-20-IRB-003). All 
methods were performed in accordance with the Declaration of 
Helsinki. Requirement to obtain informed consent was waived 
by the IRB for this study based on the retrospective chart 
review design only, with no more than minimal risk.
Surgical methods
The operative method for inguinal hernia was determined 
by the surgeon’s preference and included Bassini, high ligation, 
Lichtenstein, and totally extraperitoneal (TEP) repair. There was 
no case of transabdominal preperitoneal repair, and the mesh 
was anchored using fibrin glue rather than tacker in TEP cases.
Assessment variables of surgical outcomes
Preoperative patient characteristics, hernia and operation 
details (Bassini, high ligation, Lichtenstein, and TEP), and 
immediate postoperative outcomes including length of 
stay, pain, and complications were recorded for all patients. 
Complications were counted in accordance with Clavien-Dindo 
classification and chronic postoperative inguinal pain (CPIP); 
recurrences were not included in this complication rate. Data 
on recurrence and chronic pain were collected during the 
outpatient follow-up. 
Pain definition and assessment
Postoperative pain was measured using the numeric rating 
score (NRS) during the first 5 postoperative days (POD) [13]. The 
maximum pain intensity at any time during 5 days was defined 
as NRSmax, and the average score over 5 days was defined as 
NRSavg [14]. CPIP was defined as prolonged inguinal pain for 
more than 6 months after surgery [15,16]. 
Statistical methods
We compared patients’ baseline characteristics, immediate 
postoperative outcomes, and the occurrence of chronic pain 
between the 2 groups. Nominal data were compared using the 
chi-square test, and continuous parametric data were compared 
Table 1. Baseline characteristics of late adolescent patients 
with inguinal hernia
Characteristic Data
No. of patients 243
Age (yr) 20.4 ± 0.7
Age at first onset (yr) 18.9 ± 8.5
Smoking 130 (53.5)
Body mass index (kg/m2) 23.1 ± 2.6
Hernia site
   Left 98 (40.3)
   Right 145 (59.7)
Hernia type
   Indirect 243 (100)
   Direct 0 (0)
Operation method
   Bassini 70 (28.8)
   High ligation 51 (21.0)
   Lichtenstein 47 (19.3)
   Totally extraperitoneal repair 75 (30.9)
Mesh
   No­mesh used 121 (49.8)
   Mesh used 122 (50.2)
Length of stay (day) 16.8 ± 7.6
Numeric rating scale
   Maximum 2.3 ± 1.2
   Average 5.9 ± 3.6
Postoperative complication 18 (7.4)
CPIP 13 (5.3)
Readmission due to CPIP 5 (2.1)
Follow­up (mo) 25.0 (18.0–29.0)
Values are presented as number only, mean ± standard deviation, 
number (%), or median (range). 
CPIP, chronic postoperative inguinal pain.
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using the t-test. Recurrence rate was assessed using the Kaplan-
Meier method and compared using the log-rank test.
In the subgroup analysis of outcomes for the different 
operative methods, continuous parametric data were compared 
using analysis of variance, and the Bonferroni correction was 
used for the post hoc analysis. The criterion for statistical 
significance was P-value < 0.05. 
IBM SPSS Statistics for Windows ver. 23.0 (IBM Corp., 
Armonk, NY, USA) was used for all statistical analyses.
RESULTS
Baseline and clinical characteristics
The clinical characteristics of the 243 patients are shown 
in Table 1. All of the enrolled patients were males, and their 
mean age was 20.4 ± 0.7 years. All of the enrolled patients had 
indirect inguinal hernia. The mean length of stay was 16.8 ± 
7.6 days, and the median follow-up duration was 25.0 months 
(range, 18.0–29.0 months).
Half of the patients (n = 122, 50.2%) received a mesh during 
their hernia repair, whereas the other half (n = 121, 49.8%) 
were treated with different alternative repair methods. 
Comparison of the baseline and clinical 
characteristics of patients between the 2 groups 
and for the different operation methods
There were no significant differences in the baseline and 
clinical characteristics between the mesh and no-mesh groups 
except for the CPIP rate (mesh vs. no-mesh, 9.0% vs. 1.7%; P = 
0.023). Major complications (corresponding to Clavien-Dindo 
Classification IIIa and higher) were not observed in either of the 
groups (Table 2).
In the subgroup analysis for the different operation methods, 
immediate postoperative pain in accordance with POD did 
not differ significantly among the 4 methods (POD 1, P = 
0.136; POD 2, P = 0.094; POD 3, P = 0.114; POD 4, P = 0.139; 
and POD 5, P = 0.335) (Fig. 1). However, the length of stay was 
significantly different between the 4 methods (P = 0.003). 
In the post hoc analysis, there were significant differences 
between the high ligation (removal of the hernia sac only) and 
Lichtenstein groups on the length of stay (high ligation vs. 
Lichtenstein, 13.1 ± 5.6 vs. 19.6 ± 10.1; P = 0.002) (Table 3).
Recurrence rate according to mesh or no-mesh 
implantation
There was no statistically significant difference between the 
Table 2. Inguinal hernia patients’ clinical characteristics based on whether they received mesh or not
Characteristic No­mesh (n = 121) Mesh (n = 122) P­value
Age (yr) 20.4 ± 0.8 20.5 ± 0.7 0.234
Age at first onset (yr) 18.7 ± 3.2 19.1 ± 2.7 0.333
Smoking 64 (52.9) 66 (54.1) 0.952
Body mass index (kg/m2) 23.0 ± 2.5 23.2 ± 2.7 0.428
Hernia site 0.548
   Left 46 (38.0) 52 (42.6)
   Right 75 (62.0) 70 (57.4)
Length of stay (day) 16.0 ± 6.0 17.5 ± 8.9 0.139
Numeric rating scale
   Maximum 2.4 ± 1.1 2.3 ± 1.2 0.496
   Average 1.2 ± 0.7 1.2 ± 0.7 0.750
Postoperative complication 8 (6.6) 10 (8.2) 0.821
CPIP 2 (1.7) 11 (9.0) 0.023
Readmission due to CPIP 0 (0) 5 (4.1) 0.072
Values are presented as mean ± standard deviation or number (%). 

















Fig. 1. Trend of immediate postoperative pain between the 
operative methods. NRS, numeric rating score; TEP, totally 
extraperitoneal repair; POD, postoperative day.
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2 groups (mesh vs. non-mesh) in the recurrence analysis (2-year 
recurrence rate mesh vs. non-mesh, 2.6% vs. 0.8%; P = 0.194). 
The hazard ratio for the mesh group compared with that for the 
no-mesh group was 0.26 (P = 0.228) (Fig. 2).
DISCUSSION
Across the lifespan, the incidence of inguinal hernias is 
lowest (<0.25%) in late adolescence [2]. Because of this low 
incidence, study data on this group are relatively limited. In the 
Republic of Korea, military service for approximately 2 years 
is mandatory for most men over the age of 18 years [17]. As a 
result, most of the late adolescent male patients with inguinal 
hernias primarily visit the Armed Forces Hospital, which 
enabled us to accumulate the data reported in this study.
Based on the nature of the armed forces, most of the 
patients completed their convalescence at the hospital and 
were only discharged once they had fully recovered [18]. In 
other words, their hospital stay was longer than that of the 
general population due to other reasons [19]. While patients 
who underwent Lichtenstein repair stayed longer than patients 
who underwent high ligation in our study, 3 of the patients 
with Lichtenstein repair stayed longer after recovering from 
surgery because of orthopedic problems. Although the length 
of stay can be a useful parameter to estimate surgical outcomes 
in the general population, it might not correlate with surgical 
outcomes in our patients [20].
Since we were aware of this factor, we applied the pain 
scale that was routinely measured. Because postoperative 
pain frequently delays discharge, pain is used as an indirect 
parameter to evaluate surgical outcomes [21]. In the pain 
analysis, there was no significant difference between the 
2 groups in our study. The groups also showed similar 
postoperative complication rates. Overall, there was no 
difference in the immediate postoperative parameters between 
patients undergoing repair with or without mesh.
The recurrence rate was also not significantly different 
between the 2 groups. However, we should interpret this 
result carefully because the study period was for only 2 years. 
Several studies have shown that the use of a mesh reduced 
the recurrence rate after inguinal hernia repair [22,23]. A study 
that investigated the 5-year recurrence rate in young males also 
found a statistically significant difference between the mesh 
and no-mesh group [10]. Even though the recurrence rates in 




Bassini (n = 70) High ligation (n = 51) Lichtenstein (n = 47) TEP (n = 75)
Age (yr) 20.3 ± 0.7 20.4 ± 0.5 20.5 ± 0.6 20.5 ± 0.7 0.537
Age at first onset (yr) 19.3 ± 6.0 18.0 ± 14.5 19.2 ± 7.0 19.0 ± 7.3 0.057
Smoking 37 (52.9) 27 (52.9) 23 (48.9) 43 (57.3) 0.842
Body mass index (kg/m2) 22.9 ± 5.9 23.1 ± 6.4 24.0 ± 10.0 22.8 ± 5.0 0.061
Hernia site 0.057
   Left 27 (38.6) 19 (37.3) 27 (57.4) 25 (33.3)
   Right 43 (61.4) 32 (62.7) 20 (42.6) 50 (66.7)
Length of stay (day) 16.4 ± 6.0 13.1 ± 5.6 19.6 ± 10.1 15.2 ± 7.8 0.003
Numeric rating scale 
   Maximum 2.4 ± 1.6 2.3 ± 0.9 2.6 ± 1.0 2.0 ± 1.5 0.064
   Average 1.2 ± 0.7 1.2 ± 0.6 1.4 ± 0.7 1.0 ± 0.8 0.051
Postoperative complication 5 (7.1) 3 (5.9) 1 (2.1) 9 (12.0) 0.247
CPIP 1 (1.4) 1 (2.0) 4 (8.5) 7 (9.3) 0.079
Readmission due to CPIP 0 (0) 0 (0) 2 (4.3) 3 (4.0) 0.151
TEP, totally extraperitoneal repair; CPIP, chronic postoperative inguinal pain.

























Fig. 2. Two­year recurrence rate for late adolescents (n = 122) 
with inguinal hernia who received mesh repair compared to 
those who did not (n = 121).
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our study were similar, there is a possibility that a significant 
difference might be demonstrated during long-term follow-up. 
Although the recurrence rate after hernia repair without 
mesh is higher than that with mesh in young males, some 
surgeons suggest that this rate is acceptable, and that hernia 
repair without mesh is an efficient method [24]. The reason is 
the relatively high rate of CPIP observed in young patients [25]. 
However, other factors than age may induce CPIP and have to 
be simultaneously considered when choosing the best surgical 
method. For example, it has been reported that mesh decreases 
CPIP in general population [5]. Yet, this was not observed in a 
study of young males only [9]. On the contrary, in our study, 
we found a higher CPIP rate in late adolescent male patients 
with mesh. Furthermore, a laparoscopic approach is reported 
to decrease CPIP rate compared with an open approach [26]. 
However, we did not observe a difference in CPIP between the 2 
approaches when mesh was used. Our data showed that mesh 
increased CPIP rate regardless of the surgical method (open vs. 
laparoscopic) in late adolescent patients.
The clinical features and course of CPIP have shown some 
further interesting aspects in previous studies. About 45% of 
patients (n = 5) with CPIP in the mesh group experienced 
moderate to severe CPIP and needed admission. Moreover, in 
the majority of patients (n = 4), the pain characteristics were 
similar to nociceptive but not neuropathic pain, and all pain 
had decreased after one year [27]. CPIP seems to be worse in 
adolescents, severe enough to require admission. However, the 
pain also improves more dramatically compared with other age 
groups.
This finding might be related to ongoing physical 
development during adolescence. Biological growth is one of 
the major factors that determine adolescence [28]. Therefore, 
although CPIP caused by mesh is generally explained by chronic 
inflammation or nerve entrapment, biological growth might 
be a powerful factor in late adolescence when the mesh might 
cause tension that induces CPIP [29].
In summary, the immediate postoperative outcomes and 
recurrence rates after hernia repair in our late adolescent 
patients showed similar trends as those in the general 
population. However, the rate of CPIP was significantly higher 
after hernia repair with mesh than that in repairs without 
mesh, and we explain this with the unique nature of late 
adolescence. This period of life is relatively short compared 
with the lifespan of patients, which might justify a tailored 
approach, such as watchful waiting until adulthood [30]. 
However, to clarify this aspect, further studies are needed.
Our study has several limitations. First, this study was 
retrospective and had a small sample size. Well-designed and 
larger studies are required to verify our findings. Second, due 
to loss to follow-up of retired soldiers, this study was short-
term, with a median follow-up of about 2 years. Although this 
allowed us to evaluate the immediate postoperative outcomes, 
the duration was insufficient to show a statistically significant 
difference in recurrence rates. Long-term follow-up, such as 
telephone survey follow-up, is necessary to clarify recurrence 
rates in this patient population. Finally, our patients were 
all relatively healthy because people with comorbidities are 
exempted from military service. Therefore, our results could be 
slightly different compared to late adolescents in the general 
population. Nonetheless, our study provides meaningful 
insights into the clinical outcomes of hernia repair in late male 
adolescence. 
In conclusion, our retrospective study showed that the use 
of mesh in the repair of inguinal hernia in late adolescent male 
patients increased CPIP. Larger and randomized studies are 
required to investigate these results further.
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